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mm^] mmm 

mmms} mmmmmiz^v}^mm±mmmnmi)^mmmm^m±xm 

Sg LT »r^S Zl i: S:i^M^-r ^^^^ 1 X« 2 |a«<Z)M#m^„ 

o 

mm<Dmmm^o 

mut^m^m 1 — 7 ^Dv^■r:^^;^)^ i mmcDmmm^o 

[0 0 0 1 ] 
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[0 0 0 2] 

ED (field emission display) ©m^SCffi^i: bTM btlT M;^ti> 
^ft;:K©spindt?^?^j^M5:MV^it F E D®^)tMStt> ?^I^@T U-f 
©CDCRT (cathode ray tube) t.mmz^ mm*^^M^l^r^^~ hnm\Zj:V 

[0 0 0 3] 

g|^4 - 3 1 2 7 5 2^K:|B«$tlT^^S ckolC, ?^|^^®^iScSrafe'<rScm^ 
^ $:1^«?> If S^' n ^ tiT S . 

LA>LJ&*^e>, ^M^spindtMm#mm^>tt, ?&l^@CD^3tXS*'^i^T% ^ 
® X3gtjC*^# V > ® T% ^jt y *^<£ V ^ i: V > o ^® S = 
[0 0 04] 

^e>lC, #gg5p5 _ 6 7 4 9-^lCf3«$tlTV>-5 
[0 0 0 5] 

[|g^*^«^Sit b <fc e) i: -r s^s] 
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[0 0 0 6] 

itf fan 2mmzmif^nr=. ytmmm *^ e> s mmm'f--v o r. 

[0 0 0 7] 
[0 0 0 8] 

:^mm(Dmmm^iz^^^x it. mmmmmtmm±mmmmm(D^mmmiz ^ 

[0 0 0 9] 

[0 0 10] 
[f^M] 
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[0011] 
[0 0 12] 

mm(Dmm<Dmm] 

m 1 (c^-r <fc ic, :*:iiig©?^M(?)m^iicm^^ s :^*^7.<Dm^&^ i o 
±^cM;i^^> t;^^-':/^ (ai) , (w) , M'ffc^^> (tin 

) , m (Cu) , ^UJ^ (Cr) ^m@l 1 ^ 

(D±iz^mmiy<it±m^t^<^xit-yvnzy (sd :^if®^#^*^e>^ism^^ 

m^mi Z^mmV. t(D±lZS iO^ iK=0. 1—2. 0) 

ii^#:M 1 3 ^®_hlcM;l«e^ (Pt) , ^ (Au) ^^'cD^M^l^ 

^$:Ml/T> Ar, Kr, X e fe^ v^^i•?^t^ e>®ii^5!fx, Xli:!:ti ^ ®#5tfX 
§:3£m:^i:L02, N2^i:*$:?^Abfc?g^55/XS:flav>T:«'>?.JEO. 1 — 1 0 O m 
T o r rif * L< l±0. 1 ~ 2 0 mT o r r . I/— h 0 . 1 1 0 0 0 n m 
/mi nif*L<liO. 5 — 100 nm/mi n ^^f|^-e^l^$ tlS„ 

[0013] 

LT?^^$tiTv>So mm^i 4:izi5^^xit. ^mM^mmi 
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[0 0 14] 

, yf~^v^ mm 1 1 ii'mrn^ t\,r=.mwL i o ±ic:;^ a ^iz ^ y m^^f^ 

[0 0 15] 

— MmA^Hv^^i:S:#;lSi:, #:&e^^?^^^T'^s?R 
C!)-SA^Sm-rSi:^3&, ■r3&*)•^^^^CS^gb:&v^J;^:&:fc^$T'$>■S„ filths 

[0 0 16] 

^tc, 04 {c^-^<}:e){c, m^m^^ml 2jSLx:^mM^2o±izmmi^i i 
mmm 1 2 j^xj^m^ 2 o (Dg^Mgis^^M u ic itmmi^ij^m *j 52.*, 1 

[0 0 17] 

^ic, 05 iC3^-rJ;^lc, ^feii^flsMi 3;S:t)f^!K^2 o_h^c^Ml 5, I5a 
^2 0®(D^|g7b^e>«^«^Ml 2:5tt;^S[il^^2 0®g^fillSP4)-(Z)Myictj;lliyj2. 
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[0 0 18] 

•r^^mmmmmi 5ij^mm^tir=.mmmi ^.^^^t^m^mmi oizmi^. m 
1 5Anm^mmmi zmiz^B^^Mvx. m^nm^^-to :r.z:x. mm^ 

u izmmm^<D^^i}^i&m $ tis „ 

[0 0 19] 

tf'mmmij^'^mmmizm^m.ifiijm'pLx. :i(Dm^iz^(DnmAfj^m:K^^. 
z-tiiz^ ijmmm^ijmmzmf^miz-'mizm^-t^. zi® j: e) si itmt) 
-mm.mx:^^r=.^iz^m^j^mmwi^^^±-t^:r.t%x^^. mmnm(D 

[0020] 

bT=bc^:v^„ mtix^^^m^^<Dw.mitm-t-m^^y'if:^hu-j^(ommx:^ 
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[0 0 2 1] 

^7 2 1 a :&t)^Rft^CD^5^- A ^7 2 1 b $:tS&lKi^K:f^X.TMV^SJeA^, ttf 

icat-r J: e) K.. m^^mm 1 2 x^^fiSfeii^^M 1 3 b jiics^^^— a:/p 2 

1 aS.tJ^2 1 b S:;tbTt)J: V^„ jg^T^-Zt^/O ^ 2 1 aig.t)f2 1 b 

«^cw&*l^^cg;lffi•r-5>r-A-/^>^as2 2 aS:tJf2 zh^m^^a 

[0 0 2 2] 

^•2 0, Se^^-yN-^^ny 2 1 a:g.tJf2 1 b S:K5*bT, IHI^T^^S^Mii^ 1 4 

oiZ. 2 1 slRXJ^Z 1 b $:BS?*-e:Tlc;ftMl^l 4©EIg|Spfi:^ 

tC Zltl e> ^ 3^ b % G) *j <fc V^„ 
[0 0 2 3] 

m^-t^Jtt:>%^ y^':f ly- h H LXUn^ti^o l|2*«l ®p^®tcl±P bO 
, V%t>»5>S I TO^if<D3g^«#1^3 7t)^^«b^tt?>tl, r^klCAs, Te, S bg 
S3, Cd, T^;V^TX-fel/> (a-Se) ^^Hjb^ ^:&S#M®5t^«M 2 

[0 0 2 4] 

1 F-e^-So >y 1 il^M^l^« 

=^1 5 fc(D^lC«JEVd, Mx.lf9 0 V^^mitlL«^-#fc*&Ml 2lC«^5:aA 
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[0 0 2 5] 

) A^#e>tiSo 

[0 0 2 6] 

(forming) i:V^^^S*^^e^l|■efe^c :7 :r - ^ > y^Q-Stt V^t)»^>S$ei^ 

^iJcm®@,^, J^^-t s ^ Tb^-e ^ CD T% «^iJc aSv'N" - > o^^-mtM b 
< (Z) i: o T b ^ e) o 

[0 0 2 7] 
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[0 0 2 8] 

# ^ 4x S =fe O i: ^ X- ti -5 . 

«^sca5^^-®«^^^M 1 2. (Dunn LTtts i ijmizm^v^^t)^ 

;i/:7T>5.i/U:3> (a-Si)-^, a-Si (D^f^U K$:>!K^ (H) 

j!^^$-&it7K*fbT^;i/7TXS/y =I> (a-S i : H) , ^^iZS i<D—^^ 

mm (c) -egilb:t7K*'f{:T^>n/:7T:^i/'>> ri>557-A-f K (a-s i c : h 
) SiO—U^Mm (N) T-gSILfc7K*fl:T^;i/:7TXS/U 3>-:^>f 
>rF (a-SiN:H) ^i:*©^fc^%^#ii|ct;fflV>P>tl, t^v-^?^, iS^)^h.. U 

x(Oi%t>^)\Zff)V'^~^h.iGQ). G e - S i, ^-ffci/U n> (S i C) , t: 
fl:5tJ*y -t^A (GaAs) , ^)l/it^yV'^2^ (I nP) , -kUyitiJ K^'t^A ( 
CdSe) XttCu I nTeg^if. im. III-V]j^, II-VI]^^ if (D^flt^l^^fls: 

[0 0 2 9] 

Xit. 2®#3|S|-t LTA 1, Au, Ag, Cui5tlf(D±mV^m 

^s(fefeS7&^ Sc, Ti, Cr, Mn, Fe, Co, Ni, Z n, Ga, Y, Z 
r, Nb, Mo, Tc, Ru, Rh, Pd, Cd, Ln, Sn, Ta, W, Re 
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, Os, Ir, Pt, Tl, Pb, La, Ce, Pr, Nd, Nd, Pm, Sm 
, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, L u 3G;if=bfflV^e>tl#S 

o 

[0 0 3 0] 

L i Oj^, L i Nj^, N a O^^, KO,^, R b O^, C s O,^, B e O^^, M g O^^, M 
gNj^, CaOjj, CaNjj, S r O^, B a 0,^, S c O^, YO^^, YN^^, LaO 
LaNj^, CeOj^, P r O,^, N d O^, SmO^^, E u O,^, GdO^^, TbO 
^, DyO^, HoO^, ErOj^, TmO,^, Y b O,^, LuO^^, T i O^^, ZrO 
^, ZrN^, HfO^, HfN^, T h O^. VO^, VN,^, N b O,^, N b N^, 
TaOjj, TaNj^, CrO^, CrN^^, MoO^^, MoN^, WO^^, WN^, Mn 
O^, ReOjj. F e Ojj, F e N^, RuOj^, O s O^, C o O^, RhO^^, Ir 
O^, N i Ojj, P d O^, P t Ojj, C u Ojj, C u N,^, A g 0,^, A u O^^, Z n 
O^, CdOj^, HgOjj, BOj^, BNj^, A 1 O^^, A 1 N^, G a 0,^, G a 

, InOjj, SiNj^, GeOj^, SnO^, P ^ ^x' ^^x' ^^x* ^ ^ ^x' ^ 
bO^, SeOjj, T eO^:^l£(D^mmitmXit^mMit^'e%Ji\»^. 
[0 0 3 1 ] 

LiAlOg, LigSiOg, LigTiOg, Na2Al22034. NaF 
e Og, Na^SiO^, KgSiOg, KgT i O3, KgWO^, Rb2Cr04, C 
SgCrO^, MgAlgO^, MgFe204, MgTiOg, C a T i O3, CaW 
O4, CaZrOg, SrFe^20ig' S r T i O3, S r Z r O3, B a A 1 gO^ 
, BaFe-^g^ig' B a T i O3, Y3Al50^2» ^3^^b^l2' L a F e O3, 
La3Fe50j2. La2Ti207, CeSnO^, C e T i O^, Sm3Fe50^2 
, E u F e O3, Eu3F e50^2' G d F e O3, Gd3Fe50]^2' D y F e O3 
, Dy3Fe50j2. H o F e O3, Ho3Fe50^2' E r F e O3, ErgFegO 
j2, Tm3Fe50j2» L u F e O3, LugFCgO^g' N i T i O3, A 1 gT i 
O3, F e T i O3, BaZr03, L i Z r O3, MgZr03, H f T i O^, N 
H4VO3, AgVOg, LiVOg, BaNb20g, N a N b O3, SrNbgOg 



1 0 
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, KTaOg. NaTaOg, SrTagOg, CuCrgO^, A ggC r O^, Ba 
CrO^, KgMoO^. NagMoO^, NiMoO^, BaWO^, NagWO^, 
SrWO^, MnCrgO^, MnFegO^, MnTiOg, MnWO^, CoFcg 
O4, ZnFegO^, FeWO^, CoMoO^, C o T i O3, CoWO^, Ni 
FegO^, NiWO^, CuFegO^, CuMoO^, C u T i O3, CuWO^. 
AggMoO^, AggWO^, ZnAlgO^, ZnMoO^, Z nWO^, CdSn 
O3, CdTiOg, CdMoO^. CdWO^, N a A 1 Og, MgAlgO^, S 
rAlgO^, GdgGagOjg. I n F e O3, MglngO^, A 1 gT i O5, F 
eTi03, MgTiOg, N agS i O3, C a S i O3, Z r S i O^, KgG e 
O3, LigGeOg, NagGeOg, BigSngOg, MgSnOg, SrSn03 
, P b S i O3, PbMoO^, P b T i O3, SnOg-SbgOg, C u S e 
, NagSeOg, Z n S e O3, KgT e O3, KgT e O^, NagTeOg, Nag 
T eO^:^if<D^m^^mitm. FeS, AI2S3. MgS, ZnSi^if<Dmit 
<^> 

LiF, MgFg, S mF i£<D -7 vit^. 
HgCl, FeClg, CrClg:^ if®i^^fc«fe, 
AgBr, CuBr, M n B r g^ 
Pbig, Cul, F e 1 z^i^Oy^^y^t^^ 

xit. s i A 1 oNrjtif<D^mm^tm^tmx-i)mmi^m 1 3 (DMm^mn bx 

[0 0 3 2] 

ii<Dmm. ^V^ii, AI4C3, B4C, CaCg, CrgCg, MogC. MoC, 
NbC, SiC, TaC, T i C, VC, WgC, WC, Z r Cfjt E(D±mmit 

ife=b>t^T'^So y^-uy (Cg„) itmmm^^i-f*^^^j^^)CQQizi^m 

[0 0 3 3] 
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100—1000 nm^^-efeSo 

m'f'mmm<D±mmmmmi 5(DtimiihxitPt, au, w, ru, ir;^ 

i^CD^miJ^mn-e^^iiK Be, C, A1, si. Sc. Ti, V. Cr, Mn 
, Fe, Co, Ni, Cu, Z n, Ga, Y, Zr, Nb. Mo, T c, Rh. 
Pd, Ag, Cd, In, Sn, Ta, Re, Os, Tl, Pb, La, Ce. 
Pr, Nd, Pm, S m, E u, Gd, Tb, Dy, Ho, Er, Tm, Yb, 

[0034] 

«^*^fflV^e>tlSo mmmmmtPVD (physical vapor deposition) mt.h 
T^e)tl, :ntHZitM^MM^> :$>^^n:tf ^S/- (molecular beam epitaxy 

„ ^b^*i^^«CVD (chemical vapor deposition) ^gilL/T^btl, ZltblC 
lil^CVD^, >'"^XVCVD^, MOCVD (metal-organic chemical vapor 
deposition) iS^t*A^^€>o rtie)CDif-e, X A^y ^ U >^^^S*^#lc;t^-t?fe 

[0 0 3 5] 

2 2 0 nm, ^®_hlCB$:0. 1 5 a t m%(Z)SI'^T'^in S i ®« 

^^^M$: 5 0 0 0 nm^mi^r^m^mmmmm^mmi^mi^t^^ 

[0 0 3 6] 
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[0 0 3 7] 

^^tlt^. ^!|^^ CD S i «^^#fc*&»±T'<D^^mi^ttlllS 1 4 0 mXmmb 
[0 0 3 8] 

[0 0 3 9] 

, h*^e>JS:S(g5 0 0 0 nm, i^S 4 0 0 O n m®^^ >^|Jg(Z)3§^5=■->'^° 

-■;fn »y i'Xtta:#2. 0/nm, l^S 4 0 0 0 nin(Dpgft«3t®3@55^-7\°>^n 



1 3 
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[0 0 4 0] 

a 

[0 0 4 1] 

|gS:^mLT%J:V^*^ fei^#:M^ffi$::^>''?*y ^?:n^y^>^bT*^^, ^mmtr 
[0 0 4 2] 
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[0 0 4 3] 
[0 0 4 4] 

3g^;!f^>^.»=Kl collate 3fc#SMS:?^^Lfe^^SS«S:f^^Lfco 
[0 0 4 5] 

[0 0 4 6] 
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SEE 

(V) 


W(A/cm^) 


le<A/cm*) 






TiN/Si+B/X'^*-1f/Si02/Pt 


90 


5.90x10"^ 


6.94 X 10'^ 


10.52 


TiN/Si+B/X'v*-1t/Si02/Au 


90 


9.28x10"^ 


2.12x10'^ 


18.60 




TiN/Si+B/SiO2(50nm)/X'^*-^/SiO2/Pt 


90 


4.00x10"^ 


1.11 X 10"^ 


2.71 


m3mmm 


TiN/Si+B/US/X h/SiOz/R 


65 


4.00x10'' 


5.72x10"^ 


1.41 




TiN/Si+B/;^^'-tf(»*)/Si02/Pt 


90 


3.64x10"' 


5.34X10"' 


12.80 




TiN/Si+B/Uv?Xl-( K^) /Si02/Pt 


77 


1.99X10"* 


5.61 X 10*' 


21.99 


ttmm 


TiN/SH-B/Si02/Pt 


108 


6.79 X 10'^ 


1.19x10"^ 


14 91 



#^tlTV^SZli:;^)^:b*>-5„ i:<lC, H l ||Jg«)?^ffi(Z)T i N/S i+B/X^- 
[0 0 4 7] 

m(omi<m:{iimmit e . 9x10 ~^A/cm^x$> y , j^^mt « 1 . 2x10"^ 
3i:A^e,tf-^-r-5i:, \m>%^^^\>T'mfs^h^^\^x^. oxio"'^A®m^ 

[0 0 4 8] 

* _tlB^5g®?^M(Z)^f^T'«feii^#M®^#:JS 5 0 n ^\>XiL<r> 5 0 n m- 1 
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m-?iJCffi^^I e/ (le + Id) XlOO (%) ®^'fb^C^V^T, 2 0 OVJ^k 
^5 0 nrnJe^J:® 5 0 nm'-' 1 0 0 0 nm®^H®!^¥S:^i"S^^-e. 0. 1 
[0 0 4 9] 

^lifeic isait^ic^i^^ii'-^ -6 MX 

s m^nmm^ s: m w u x v ^ s *^ s ^m^^ ic s s mmt^mjkxf^mmm 

©/^-Wicj^^-r S r i: =fe T' ^ -6 „ 

[0 0 5 0] 

2 0 ^m^-t^. mc. y^^^v ^ u >^s^^{c j; *)mm^m 1 3 $:?^^-rso 

m(Dmti(D:^i^izMLxm^i o<Dmm^Mi s'^-^mmvxmm-t^^inz 
mmm2 o(D-':^miz^mmmnmun(^mmAt>m\'^m^. ^mmmn 
m^mi3'mmM2 oizm-fmrkm^j^^t^m^^^mmmmmi ^izmm-t^o r 
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[0 0 5 1] 

ic, 1 3 ^xj^^mmmmm i 5 (Dmrni^m^f-mmm i 2 ©oj^ i 2 a © 

'oXl^m.^n^o 2®aiSl$l 2 atta^il)Ri:LT3S:^oTV^■C%^V^ 

1 4 lc^t:JS^M^M«^ 1 5 ir^mm{»^m 1 3 Jb®ii^g|JAT% 1 3 

m^^^^Ml 2_h<D^aSBl?^^LTV^S„ «^#t^M 1 2 iJU^ 1 2 a 

®]I±lc«fS^«cM 1 3 S:Sv^«^#fcj^Ml 2 5:S^Sb>t«)t^-r-g>3i:%T-^S 

o 

[0 0 5 2] 

^>r>i 6ttTO&^M^m«si 5Jl®-i^g|5^cmo■r^^■:^e>tlTv^-5o 



1 8 
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^ mmRxfA:^ ^ >r > J; y s^^^ffi*^ s iuwMmm s ti, m«^T-je^ u 

[0 0 5 3] 

H 1 5 izm-t^ o ic, m^^^ffi^^s li^r- ^ V ^nm 1 1 ±.\z.m\z.mm.-^n 

^A'^lC^^k^^J-^-rsa^J^l 4 $:^LTV^^o ^M»M«@1 5ttK^^ra4 
[0 0 5 4] 

7:6^J^^StiTt>So 7li»T^$:R&jh-r-5c t-J&fc 

^ i: imSlgtCfSM L T < (3D T' S c 
[0 0 5 5] 

ttm^^Pg-??^|5gS:PgTTM«$tlTV%S„ H15TI*, PSMR Rtt«^^Scm« 

Mrri±^M^M«@i 5^c^^^^5^^^T^7^IfiI^c^^LT?^^fe^tlTv^s*\ fff® 

[0 0 5 6] 



1 9 
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[0 0 5 7] 

i'm^l 1 tt, ^(omniLVXlt. Au, Pt. Al, W^®— IStc 
I c®SB^^^cfflv^e>tl-5*^M^^^A, n»y^r;K ^nAosM^jt, AihN 

d®^^, Al tMo(D^±. T i i:N©^^=fe;flSV>^tl#, 

ORXJ^yi-~^V ^nmi imK-lt. SIO^, SIN^, AlgOg, AIN 

[0 0 5 8] 

«Mi!#*®Ii^> II;^®^M*^^<, r^t^ltCs, Rb, Li, Sr, Mg 
, Ba, Cai^i)^m^X. MlC> -etl ^j^-^^-efeo T%^V>„ ^M^l^ 

5<Z)*J«tt#m'(4*^l«<'fl:^«fic^^:&^»*^m<, :ti:^ifAu. Pt 
, Lu, Ag, Cu®#f*:Xli^tie>®'^^^*^Mt bVN. :iti^(D±m 

[0 0 5 9] 

J^7.mmi 6<0^^tl^Xit. Au, Pt, Al, Cu^(Z)— I^ICI CCOgHili 
, 0. 1 — 5 0 /ini*^igSl?S>S„ -EL, ^Siffi*^iF^-e^-5>®"efetl«, 
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$:3gjl-r-&:7>f ;i/^S3 R. 3G, SBfs^f>t^^y ^ jvit^WL^-y. ^ )\^^W^ 
\znm'^^^^nM2 2R, 2 2G, 2 2 B S:TOtC^l:J^Zli:lC<};oT, 3« 

[0 0 6 0] 

3^&^«M2J:{ctt, :7n> hU:/ (^2pgM) F R*^;r-^ i i ic^iz 
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